Phosphorylation and activation of smooth muscle myosin light chain kinase by MAP kinase and cyclin-dependent kinase-1.
Smooth muscle myosin light chain kinase (MLCK) features several consensus sites of phosphorylation by proline-directed protein serine/threonine kinases. The phosphorylation of MLCK by two proline-directed kinases isolated from sea star oocytes, i.e., p44mpk (Mpk, a mitogen-activated protein kinase homologue) and cyclin-dependent kinase-1 (CDK1, also known as p34cdc2), was investigated. Chicken gizzard MLCK was phosphorylated on seryl and threonyl residues by both Mpk and CDK1. Phosphorylation of MLCK to 0.6 mol Pi/mol by Mpk increased the Vmax of phosphotransferase activity towards a synthetic peptide corresponding to residues 11-23 of the 20-kDa light chain of myosin by 1.6-fold. Phosphorylation of MLCK to 1.0 mol Pi/mol by CDK1 increased the Vmax by 2.3-fold. Phosphorylation by either kinase had no significant effect on the concentration of calmodulin required for half-maximal activation of MLCK. Analysis of the phosphorylation of synthetic peptides containing consensus phosphorylation sites for Mpk and CDK1 indicated that the major site of phosphorylation in MLCK by Mpk was Ser-834, and by CDK1 was Thr-283. Both of these sites are located outside the calmodulin-binding site (residues 796-815), consistent with the observation that phosphorylation by Mpk or CDK1 was unaffected by the presence of bound Ca2+/calmodulin. These results indicate that MLCK activity may be regulated by phosphorylation catalyzed by proline-directed kinases, possibly directed at Thr-40 and Thr-43 at the amino terminus of MLCK.